Abstract Though some data indicate an association between gastroesophageal reXux disease (GERD) and upper airway inXammatory disease, a connection between GERD and chronic rhinosinusitis (CRS) is a matter of controversy in today's medicine. The aim of this study was to examine whether patients with GERD have a diVerent nose-and sinus-related quality of life compared to a control group. A total of 77 patients with GERD diagnosed by gastroscopy were evaluated according to their nose-and sinusrelated quality of life. It was scored using the Sino-Nasal Outcome . Total SNOT-20 score was compared with a control group consisting of 480 teachers. The average total SNOT-20 score in patients with GERD was 22.1, and in the control group 9.4 (p < 0.005). In the patient group, the median was 17.0 and standard deviation 18.4 corresponding to 5.0 and 11.5 in the controls. The 95% conWdence interval in the patient group was (18.0, 26.3), and (8.3, 10.4) in the control group. Patients with GERD have a reduced nose-and sinus-related quality of life compared to a control group based on the fact that they have a signiWcantly higher total SNOT-20 score than the controls. Accordingly, this study indicates that there is a causal relationship between GERD and CRS.
Introduction
Chronic rhinosinusitis (CRS) is a common disorder that aVects 5-15% of the urban population in Europe [1] and approximately 12% of Americans below 45 years [2] . Rhinosinusitis is deWned as an inXammation of the nose and the paranasal sinuses characterized by two or more symptoms: nasal blockage/obstruction/congestion, nasal discharge, facial pain/pressure or reduction or loss of smell, and one of the symptoms must be nasal blockage/obstruction/congestion or nasal discharge. CRS, with or without nasal polyps, is deWned as more than 12 weeks of symptoms without complete resolution [3] . The etiology is multifactorial and the treatment has to be individualized correspondingly.
Gastroesophageal reXux disease (GERD) is also a common condition, aVecting about 20-30% of the adult population, presenting with a broad spectrum of symptoms and varying degree of severity and frequency [4] . It is deWned as a condition that develops when reXux of the stomach contents causes troublesome symptoms and/or complications. The disease is, according to the Montreal deWnition, subclassiWed into esophageal and extraesophageal syndromes [5] . Patients with symptomatic GERD, both erosive and non-erosive reXux disease, have a high probability of experiencing extraesophageal disorders. Extraesophageal reXux symptoms occur in a third of adult patients with GERD, whether or not reXux esophagitis is present [4] .
A pathogenic role of GERD in certain parts of the airways is well established. Data strongly indicate a link between GERD and asthma, laryngitis, cough and dental erosions [5] . Associations between GERD and pharyngitis, sinusitis, idiopathic pulmonary Wbrosis or recurrent otitis media have also been proposed, but more data are needed [6] . There also appears to be a connection between GERD and otitis media with eVusion (OME), and bile acids have been shown to be present in the middle ear in children with OME [7] .
The relationship between GERD and CRS still remains a matter of controversy. Contencin and Narcy Wrst demonstrated a potential link between acid reXux and chronic rhinopharyngitis in infants and children by demonstrating an increased number of pH episodes <6, increased percentage of time with pH < 6 and lower overall pH in patients compared to controls using prolonged nasopharyngeal pH monitoring [8] .
CRS refractory to medical and surgical therapy represents a considerable clinical challenge. DiBase et al. were the Wrst to provide data focusing on the importance of GERD in diagnostics and treatment of CRS. Patients with CRS and concomitant GERD showed dramatic improvement of their CRS symptoms after being treated with proton pump inhibitors (PPI) or anti-reXux surgery [9] . As to a potential pathophysiological role of GERD in CRS, they are both common conditions and expected to coexist in many patients. A review of the literature shows that studies on this are generally uncontrolled with small numbers of patients, and they cannot verify or exclude a causal or occasional relationship between these two common disorders [10] .
The aim of the present study was to bring more information into this Weld, by examining the extent to which GERD aVects nose-and sinus-related quality of life in a prospective controlled questionnaire survey.
Material
Study participants were recruited from a private practice in gastroenterology. We asked a group of patients referred for reXux investigation to complete SNOT-20 [11] . A total of 100 patients responded and 77 of them had gastroscopic Wndings indicating reXux esophagitis according to international criteria [12] . Of these 77 patients included in the study, 45 were men and 33 women. Their mean age was 50 years. Inclusion took place after informed written consent.
As controls, we used 480 randomly selected teachers, including 183 men and 297 women; mean age was 44 years.
Method
This is a prospective controlled study. Standardized and internationally accepted criteria for the diagnosis of GERD have been used [11, 12] . Staging of esophagitis was done according to the Los Angeles ClassiWcation [12] . This is the most commonly used system to endoscopically grade GERD [13] . Most of the patients were in category A, while a few belonged to category B or C ( Table 1) .
The participants completed the 20-Item Sino-Nasal Outcome Test (SNOT-20) immediately after gastroscopy [11] . This is a validated, self-administered, quality of life instrument speciWc for patients with symptoms of rhinosinusitis. It describes the health burden of rhinosinusitis and is sensitive to clinical changes. SNOT-20 measures physical problems, functional limitations and emotional consequences of rhinosinusitis by asking subjects to score 20 symptoms, including the need to blow the nose, sneezing, runny nose, cough, postnasal discharge, thick nasal discharge, ear fullness, dizziness, ear pain, facial pain/pressure, diYculty falling asleep, waking up at night and lack of sleep. The patient scores each symptom from 0 to 5 as experienced during the last 2 weeks. The sum of scorings gives each patient a summary score, the total SNOT-20 score (Fig. 1) . The Total SNOT-20 scores between patients and controls were compared.
Statistics
Comparison of total SNOT-20 score between the two groups was done using the Mann-Whitney U test, a nonparametric alternative of independent t test. Two-sided p values less than 0.05 were considered to be statistically signiWcant. All statistical analyses were done using SPSS With 480 patients in the control group and 77 patients in the patient group and using the observed standard deviations in each group, we Wnd that a mean diVerence in SNOT-20 score of 5 would, by a two-tailed test, be detected with a probability of 63.9%, a diVerence of 8 with probability 95.9% and a diVerence of 10 with a probability of 99.6% (Table 2) .
Results
Of the 100 patients asked to participate in the study, all completed SNOT-20; 77 patients were diagnosed with GERD, and they were included in the study. The median total SNOT-20 score in patients with GERD was 17.0 and in the control group 5.0 (p < 0.005). In the patient group, the average was 22.1 and standard deviation 18.4 corresponding to 9.4 and 11.5 in the controls. The 95% conWdence interval in the patient group was (18.0-26.3) and (8.3-10.4) among the controls (Table 2) .
Discussion
It has been more than 50 years since a potential link between the gastrointestinal tract and sino-nasal disorders was suggested for the Wrst time. Holmes et al. proposed that gastric hypersecretion might be a causative factor in the development of chronic sinusitis [2] . However, only recently the Weld has been explored scientiWcally. The results have been conXicting. GERD and CRS are both common conditions and thus expectedly do coexist in many patients. Studies on the relationship are generally uncontrolled with a small number of patients and cannot verify or abandon a connection. Thus, it remains to be shown whether there is a causal or occasional relationship [10] . According to DiBaise, if an upper or lower respiratory tract disorder is causally related to GERD, certain criteria should be met: (1) an increased coexistence of both disorders should exist compared to the general population, (2) a biologically plausible pathophysiological mechanism should explain how the disease processes interact and (3) clinical manifestations of the suspected GERD-related disorders responding to anti-reXux therapy [14] .
An increased coexistence of CRS and GERD has previously been described. In 19 patients with refractory sinusitis, abnormal pH proWles were found in 78% [9] . Patients who had undergone functional endoscopic sinus surgery were evaluated and GERD was statistically signiWcant as a predictor of poor symptomatic outcome [15] . Moreover, a casecontrol study has shown a signiWcant statistical association between GERD and sinusitis in children without neurologic defects or congenital esophageal anomalies [16] .
With regard to biologically plausible pathophysiological mechanisms, one theory is that there is a direct toxic eVect of the reXuxate on the nasal and sinus mucosa. In this way, acid reXux could lead to a mucosal nasal inXammation with edema and ostiomeatal obstruction. The presence of gastric content in the nose and sinuses has so far not been documented, but Helicobacter pylori has been found in nasal polyps in patients who underwent endoscopic sinus surgery [17, 18] . Whether Helicobacter pylori is a causative agent for CRS or a result of CRS is not known. The bacteria have also been discovered in human dental plaque, oral lesions, saliva and adenoid tissue [18] . The pathophysiologic role of H. pylori in upper respiratory tract inXammation has so far not been clariWed [19] . Moreover, pepsin has been found in middle ear eVusion in many case studies [20, 21] , and it is almost certainly of gastric origin [21] . A recent casecontrol study demonstrated detectable pepsin in 20% of pediatric patients undergoing myringotomy with tube implementation [22] . This strongly supports the concept of gastric content as a pathogenic factor in the upper airways. Unlike the distal esophagus, the airways are not protected by anti-reXux clearance mechanisms and intrinsic mucosal defensive properties. It is therefore conceivable that even a single reXux episode extending beyond the esophagus may be suYcient to cause disorders in the airways. Extraesophageal reXux disease (EER) may also be a consequence of reXex mediated symptoms induced by reXux entering the lower esophagus [23] .
Another theory is that a dysfunctional autonomic nervous system (ANS) is the link between GERD and CRS [24] . Hyper reactivity of ANS induced by reXux may cause nasal edema and sinonasal ostium obstruction. In patients with both vasomotor rhinitis and EER, there appears to be a hypofunction of the adrenal adrenergic component of the ANS [25] . The existence of a link between the esophagus and the airways along neural pathways is further supported by a study where the esophagus in guinea pigs was stimulated with HCl. The intra-esophageal HCl stimulation resulted in the release of tachykinin-like substances that caused plasma extravasation into the trachea. In a group of vagotomized animals, this response to HCl stimulation was signiWcantly inhibited [26] .
As a response to anti-reXux therapy, DiBaise demonstrated a high prevalence of GERD in patients with CRS and dramatic improvement in sinus symptoms when treated with PPI or anti-reXux surgery [9] . This was later supported by another study by DiBaise showing high prevalence of GERD in patients with chronic sinusitis. He found improvement of symptoms after using omeprazole b.i.d. for 3 months [27] . Favorable eVects of anti-reXux therapy in pediatric rhinosinusitis have also been demonstrated. Bothwell et al. found that in children with CRS who were candidates for sinus surgery, 89% experienced symptomatic relief with reXux therapy and were able to avoid operation [28] . Accordingly, GERD should be considered and treated medically before surgical intervention. Loehrl also claims that GERD seems to play a role in some patients with CRS based on the fact that there is increased prevalence of GERD in patients with CRS, pathophysiological mechanisms link the disorders, and there is a response to therapy [24] .
We have checked if diVerences in age and sex could explain the diVerences between the two groups. There is a preponderance of women in the control group (61.9%) and men (57.7%) among the patients. We found no statistically signiWcant diVerences in SNOT-20 score among men and women (Table 3) .
The mean age in the patient group was 50 years and the mean age of the control group was 44 years. This is only a diVerence of 5 years, but due to the large sample sizes this diVerence is signiWcant. When separating the patients and controls into two groups, above and below 50 years, we found no signiWcant diVerence in the total SNOT-20 score, in the patients or in the controls. We also separated the patients and controls in the other age groups (above and below 40 years and above and below 60 years) without Wnding signiWcant diVerences in total SNOT-20. Accordingly, there is no indication of any age eVect in the SNOT-20 score.
Of the 100 patients, 77 who participated in the study had gastroscopic Wndings indicating reXux esophagitis. The other 23 patients had no visible lesions in the esophagus and thus they were not diagnosed with GERD. There was no diVerence in the SNOT-20 score between these groups. This can be explained by the fact that gastroscopy will only capture patients with GERD and visible lesions [29] . We included patients after positive gastroscopy, and we might have excluded patients with reXux, but without evidence of mucosal damage.
Our results were supported by another study that used SNOT-20 on reXux patients, which apparently only considered diVerences in postnasal drip (PND) between the patients and the controls [30] .
Thus this is, as far as we know, the Wrst time a connection between GERD and CRS has been investigated in a nose and sinus-related quality of life perspective. In the present study, we have found that patients with GERD have a signiWcantly higher total SNOT-20 score than the controls, and thus a reduced nose-and sinus-related quality of life.
The research tool was SNOT-20, which is a widely employed speciWc questionnaire for measuring nose and sinus-related quality of life and describes the health burden of CRS [11] . It may be objected that we have not combined this with a generic questionnaire. Such an objection is valid as CRS is known to have considerable impact on quality of life in general, and combining speciWc and generic questionnaires may have given additional information [31] . Nevertheless, it is not likely that such additional information would have changed the main message from this study. In a quality of life perspective, there appears to be a causal relationship between GERD and CRS.
There is a signiWcant association between disturbed sleep and GERD [32] . A potential bias in this study is that sleep quality is a part of the SNOT-20. To exclude this possible source of error, we also compared the groups omitting the sleep-related questions. The diVerence between those with GERD and the controls was still highly signiWcant with p < 0,001, using SPSS and the Mann-Whitney U test.
The controls were school teachers who were included after information and written consent. There were small, but insigniWcant, diVerences in age and sex distribution among controls and patients. There were no signiWcant diVerences in the SNOT-20 score considering age or gender. The data in the control group was not normally distributed. Accordingly, we used the Mann-Whitney test and considered the observed diVerence between patients and controls as real. Generally, the diagnosis of reXux is established by history, pH monitoring and gastroscopy. pH-metry has high sensitivity and speciWcity in discovering episodes of and quantiWcation of reXux, and is considered as the gold standard in patients with non-erosive reXux disease. In this study, the patients were included after being diagnosed by gastroesophagoscopy. Combined with history, gastroscopy has a high speciWcity (97%) and is recommended in diagnosing reXux with visible lesions [13, 29] .
Conclusion
Patients with GERD have a reduced nose-and sinus-related quality of life compared to a control group as evaluated by SNOT-20. Accordingly, this study supports previous investigations suggesting a causal relationship between GERD and CRS.
